Abstract The investigation of this paper is related to the design of active real-time controls which provide the desired performance of flexible constructions subjected to varying disturbances. Physical controllers are piezoelectric elements that transform applied voltages into mechanical forces and moments. Control voltages are computed on the base of signals measured on piezoelectric sensors. The underlying structure is a thin plate or shell. The piezoelectric elements are either surface mounted or embedded within the structure. Conventional averaging procedures are used to eliminate the thickness in mathematical models. A homogenization procedure is used to reduce structures with large number of piezoelectric elements to the case of continuously distributed input or output signals.
CONCEPTION OF ACTIVE CONTROL
The idea of active real-time control is intensively developed during several last years. The acute interest to this method of elimination of parasitic disturbances is caused by the rapid development of the material science, electronics, and computer technology. This approach can be characterized as an intelligent one by contrast with routine approaches based on the reenforcement of the construction, which makes it heavier and more expensive.
Consider a precise structure subjected to varying acoustic or thermal conditions. Even though carefully designed, it will disturbed as a result of unpredictable thermal gradients or acoustic pressures. One way to prevent this is to build the structure from massive components and to provide very good isolation from external influences. An alternative way is to use a set of actuators and sensors connected by a feedback loop. In this case, we exploit the main virtue of the feedback which is to attenuate the effect of disturbances within the bandwidth of the control system. Active structures may be cheaper or lighter than passive structures with comparable performances, or they can sufficiently improve the performance. Here, we want to refer to the following classical example (see [1] ). The telescope at ESO in La Silla, Chili, uses adaptive optics for the compensation of atmospheric turbulences. The primary mirror of the telescope is connected at the back to a set of hundred actuators. The control system uses an image analyzer to evaluate the distributed amplitude of the perturbation. The correction is computed to minimize the effect of the perturbation and is applied to the actuators. The computation of the correcting forces is based on the influence matrix describing the relation between the actuator forces and the wave front changes. This matrix is determined experimentally from the analysis of images. Note that such a relatively simple relation between the controls and objectives is not always possible. Very often, this relation is described by a very complicated mathematical model based on nonlinear partial differential equations. This approach is carefully developed in the monograph [2] . The schema of the active control design is shown on Figure 1 . We study the real-time control design with the use of piezoelectric elements as actuators and sensors. Piezoelectric materials exhibit significant deformations in response to an applied electric field as well as produce polarization in response to mechanical strains. (1) Di = €ij Ej + eikldkl.
